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Normal use of this test equipment exposes you to a certain 
amount of danger from electric shock because it is sometimes 
used with equipment containing high voltage. An electric 
shock causing 10 milliamps of current to pass through the 
heart will stop most human heartbeats. Voltage as low as 
35 volts dc or ac rms should be considered dangerous and haz¬ 
ardous since it can produce a fatal current under certain 
conditions. Higher voltages are even more dangerous. Ob¬ 
serve the following safety precautions: 

1. Don't expose high voltage needlessly. Remove housings 
and covers only when necessary. Turn off equipment 
while making test connections in high-voltage circuits. 
Discharge high-voltage capacitors after removing 
power. 

2. If possible, familiarize yourself with the equipment 
being tested and the location of its high voltage points. 
However, remember that high voltage may appear at 
unexpected points in defective equipment. 

3. Use an insulated floor material or floor mat to stand on, 
and an insulated work bench surface; make certain such 
surfaces are not damp or wet. 

4. Keep "one hand in the pocket" while handling an instru¬ 
ment probe. Be particularly careful to avoid contacting 


a nearby metal object that could provide a good ground 
return path. 

5. Some equipment with a two-wire ac power cord, includ¬ 
ing some with polarized power plugs, is the "hot chassis" 
type. This includes roost recent television receivers and 
audio equipment. A plastic or wooden cabinet insulates 
the chassis to protect the customer. When the cabinet is 
removed for servicing, a serious shock hazard exists if 
the chassis is touched. Not only does this present a 
dangerous shock hazard, but damage to test instruments 
or the equipment under test may result. To make meas¬ 
urements in "hot chassis" equipment, always connect an 
isolation transformer between the ac outlet and the 
equipment under test. The B & K-Precision Model 
TR-110 Isolation Transformer, or Model 1653 or 1655 
AC Power Supply is suitable for most applications. To 
be on the safe side, treat all two-wire ac powered 
equipment as "hot chassis" unless you are sure it has an 
isolated chassis or an earth ground chassis. 

6. When testing ac powered equipment, remember that ac 
line voltage is usually present on some power input 
circuits such as on-off switch, fuses, power transformer, 
etc. any time the equipment is connected to an ac 
outlet, even if the equipment is turned off. 

7. Never work alone. Someone should be nearby to render 
aid if necessary. Training in CPR (cardio-pulmonary 
resuscitation) first aid is highly recommended. 
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INTRODUCTION 


The B & K-Precisian Model 2007 FM Stereo Generator is a 
professional quality test instrument for testing, servicing, 
troubleshooting, and adjusting FM stereo receivers. It may 
also be used with monaural FM receivers. The instrument 
generates a stereo multiplex FM modulated rf carrier signal 
in conformity with FM stereo broadcast standards of the FCC 
(Federal Communications Commission - U.S.A.) and dupli¬ 
cates the type of signal radiated by an FM stereo broadcast 
transmitter. External or internal modulating audio is con¬ 
verted to a composite audio signal containing an (L + R) 
0-to-15 kHz base band and (L - R) 23-to-53 kHz sub-band. 
The modulating signal itself (composite audio) is also avail¬ 
able for injection directly into audio and stereo decoder 
circuits. 

The selectable 85 MHz band or 98 MHz band rf output is 
tunable within ±2 MHz. A detachable telescoping antenna is 
supplied with the instrument which simply screws into an 
antenna jack to simulate an FM stereo broadcast transmitter. 
Two antenna receptacles are provided to simulate either a 
vertically or horizontally polarized antenna. The rf output is 
also available at balanced 300 f! output terminals. The rf 
output may be turned off whenever desired, thus generating 
the composite audio only. 

The rf output may be internally or externally modulated. 
In either case, modulation is continuously adjustable up to 
75 kHz deviation. A calibrated modulation meter reads FM 
deviation in kHz. 


For external modulation, independent Left and right input 
jacks permit stereo modulation through selectable 75 ps or 
50 Us pre-emphasis networks, or with no pre-emphasis. The 
50 Hz to 15 kHz audio input bandwidth equals that of a com¬ 
mercial broadcast transmitter, thus permitting full audio 
range frequency response testing of receivers. 

For internal modulation, an internally generated low- 
distortion 1 kHz signal is used. A mode selector switch 
permits five combinations of internal modulation: left chan¬ 
nel only, right channel only, (L + R) base band, (L - R) sub¬ 
band, and L & R(line) with 1 kHz signal applied to left chan¬ 
nel and 50/60 Hz line voltage signal applied to right channel. 
These combinations permit complete testing of stereo decod¬ 
er circuits and channel balance and channel separation char¬ 
acteristics. 

A highly stable 19 kHz pilot signal is generated and com¬ 
bined with the composite audio during internal or external 
modulation. The pilot signal may be switched off when de¬ 
sired, such as for testing operation of a pilot detector circuit. 

The composite audio signal is continuously adjustable. The 
modulation meter is also calibrated to measure the rms value 
of composite audio on a 0- to 2-volt scale. 

The standard version of this instrument meets the broad¬ 
cast standards of most countries of the world. Internationa) 
features include selectable 8S MHz or 98 MHz band rf output, 
selectable pre-emphasis of 75 ps, 50 ib, or off, and operation 
from 100, 117, or 230 volt 50/60 Hz ac power. 
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SPECIFICATIONS 


RF OUTPUT 


EXTERNAL MODULATION 


Carrier Frequency: 

83 to 87 MHz or 96 to 100 MHz 
(2 bands), continuously adjust¬ 
able. 

Output Voltage: 

100 mV or more, open circuit. 

Output Impedance: 

300 52 balanced. 

Antenna Jack: 

Use antenna to simulate broad¬ 
cast signal. 

Modulation: 

0 to 75 kHz deviation, adjust¬ 
able; monitored on front panel 
meter. 

Modulation Distortion: 

2% or less. 

Signal-to-Noise Ratio: 

-40 dB or more (for L + R sig¬ 
nal at 75 kHz deviation). 

MODULATION SIGNALS 

L, R, (L + R), or (L - R): 

Internal (1 kHz). 

(L & R): 

L = Internal (1 kHz), 

R = Internal (50/60 Hz Line). 

External: 

Independent L and R input ter¬ 
minals. 


Modulating Frequency: 
Input Impedance: 

Max. Input Voltage: 


50 Hz to 15 kHz. 
100 k52 or more. 

2 V rms. 


Pre-emphasis: Selectable 50 ps, 75 ps, or off. 

Within ±2 dB for both 50 IS and 
75 ps. 


METERING 
Signal Output: 


Deviation: 


All outputs monitored on front- 
panel meter (0 to 2 V). 

Deviation of r-f output signal 
monitored on front-panel meter 
(0 to 75 kHz deviation). 


SIGNAL OUTPUTS (Monitored on front-panel meter) 

Frequency Response: 100 Hz to 10 kHz ± 1 dB. 

50 Hz to 15 kHz ± 2 dB. 


Output Voltage: 

Output Impedance: 
Distortion: 


0 to 2 Vrms, continuously ad¬ 
justable. 

600 52. 

1% or less 


2 






SUB-CARRIER OUTPUT 
Carrier Frequency: 
Frequency Response: 


38 kHz ±4 Hz. 

23 to 53 kHz ±3 dB. 


COMPOSITE SIGNAL OUTPUTS 
L, R, (L + R), (L- R), (L & R) 

Channel Isolation: 40 dB, 100 Hz to 10 kHz. 


Stability: 

Crosstalk 
Between Channels: 

38 kHz Leakage: 

POWER REQUIREMENTS 
Source Voltage: 


30 dB, 50 Hz to 15 kHz. 

Channel isolation does not 
fluctuate more than 3 dB in 
30 minutes, when measured 30 
minutes after switch-on. 

30 dB or more. 

-40 dB or more at maxiumum 
output. 


Selectable 100, 117, or 230 volt 
AC, ±10%. 
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SPECIFICATIONS 

Line Frequency: 50 or 60 Hz. 

Power Consumption: 5 watts. 

MECHANICAL SPECIFICATIONS 
Dimensions (WxHxD): 

Basic Case: 8.25 x 2.75 x II" (210 x 70 x 

280 mm). 

including All Projections: 9 x 3.35 x 12“ (230 x 85 x 

307 mm). 

Weight: 4.4 lbs (2 kg). 

ACCESSORIES 

Accessories Included: Three Hook-Up Cables (dual 

banana plug to alligator 

clips). 

Antenna. 

Instruction Manual. 

Schematic Diagram/Parts List. 




FM STEREO MODULATION SCHEME 


INTRODUCTION 

A basic understanding of the FM stereo modulation scheme 
is vital to efficient troubleshooting, servicing, and analysis of 
problems in FM stereo receivers. This knowledge will also 
permit you use the B & K-Precision Model 2007 FM Stereo 
Signal Generator more effectively. Much of this knowledge is 
also helpful when applied to monaural FM receivers. 

The Model 2007 FM Stereo Signal Generator simulates the 
modulation scheme used by FM stereo broadcast stations. 
The modulation scheme permits stereo receivers to separate 
audio into left and right channels, or permits monaural FM 
receivers to combine left and right channel audio into a single 
output. Fig. 1 illustrates the composite audio modulating 
signal used for stereo FM. Fig. 2 and its corresponding text 
describe how the composite audio signal of Fig. 1 is devel¬ 
oped. Fig. 3 and its associated text describe how an rf signal 
is demodulated into left and right audio channels in an FM 
stereo receiver. 


GENERATION OF COMPOSITE AUDIO 

Refer to Fig. 2. Left and right channel audio are applied 
through pre-emphasis networks to a summing network, which 
adds the two signals. A low pass filter limits this signal to 
the 0-to-15 kHz audio band, which is the maximum authorized 
for FM broadcast service. This (L + R) signal contains both 
left and right channel audio in a O-to-15 kHz base band. 


The left channel audio is applied to another summing net¬ 
work, along with the right channel audio, which has been 
inverted. The summing network effectively subtracts the two 
signals. This O-to-15 kHz (L - R) signal is fed to a balanced 
modulator, along with a 38 kHz sine wave- The balanced 
modulator produces a double sideband suppressed carrier 
(DSBSC) sub-band about 38 kHz. A band pass filter limits this 
signal to the 23-to-53 kHz range (±15 kHz of the 38 kHz car¬ 
rier). Thus, the (L - R) signal is a 23-to-53 kHz sub-band with 
the 38 kHz sub-carrier itself fully suppressed. 

For stereo broadcasting, a low level 19 kHz pilot signal is 
also transmitted continuously. This is generated by a stable, 
crystal-controlled pilot oscillator operating at 19 kHz. The 
19 kHz pilot oscillator output is also applied to a frequency 
doubler, providing the 38 kHz carrier for the balanced modu¬ 
lator. 



L ♦ R 

PILOT 

L - 

R 
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Fig. 1. Makeup of Composite Audio 
Used for FM Stereo Modulation. 
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FM STEREO MODULATION SCHEME 



Fig. 2. FM Stereo Modulation Scheme, Transmitter Block Diagram. 


The 0-to-15 kHz base band [L + R), 23-to-53 kHz sub-band 
(L - R), and 19 kHz pilot signal are applied to a summing 
network, resulting in a composite audio signal consisting of 
all three components (see Fig. 1). The composite audio signal 
is applied to the modulator, which FM modulates the rf car¬ 
rier of the transmitter. For a fully modulated rf carrier, the 
(L + R) signal accounts for 45%, the (L - R) for 45%, and the 
pilot signal for 10%. Stereo receivers decode this signal and 
separate the audio into its original left and right channels. 
Since monaural receivers have only a 0-to-15 kHz audio re¬ 
sponse, the 19 kHz pilot signal and 23-to-53 kHz (L - R) sub¬ 
band are rejected. However, the (L + R) base band signal is 
accepted, and it monaurally combines left and right channel 
audio. Thus, the Model 2007 FM Stereo Signal Generator may 


be used with monaural FM receivers as well as stereo FM 
receivers. 

FM STEREO DECODING 

Refer to Fig. 3. In a stereo FM receiver, the discriminator 
output is a composite audio signal as shown in Fig. 1. This 
composite audio signal consists of the 0-to-15 kHz base band, 
23-to-53 kHz sub-band, and 19 kHz pilot signal. 

A phase locked loop (PLL) locks the sine wave output of 
the 38 kHz VCO (voltage controlled oscillator) in phase with 
the received 19 kHz pilot signal as follows. A divide-by-2 
circuit converts the 38 kHz VCO output to a 19 kHz sine 
wave, which is one of the inputs to a phase comparator. The 
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FM STEREO MODULATION SCHEME 



Fig. 3. FM Stereo Demodulation Scheme, Receiver Block Diagram. 


other input to the phase comparator is the received 19 kHz 
pilot signal itself. The phase comparator will produce an 
error voltage to lock the VCO in phase with the 19 kHz pilot 
signal. 

The composite audio signal from the discriminator is ap¬ 
plied through a 23-to-53 kHz band pass filter, which blocks 
the 0-to-15 kHz (L + R) base band and 19 kHz pilot signals, 
while passing only the 23-to-53 kHz sub-band (L - R) signal. 
The 23-to-53 kHz sub-band signal is applied to a balanced 
demodulator circuit. The other input to the balanced demod¬ 


ulator is a 38 kHz carrier from the VCO. This carrier is phase 
synchronous with the 19 kHz pitot signal through a phase 
locked loop, as previously described. The output of the bal¬ 
anced demodulator is a 0-to-15 kHz (L - R) signal which dup¬ 
licates the original (L - R) signal of the transmitter. 

During monaural reception or loss of signal, a significant 
error voltage output from the phase comparator results. 
During stereo reception (presence of 19 kHz pilot signal), the 
error voltage from the phase comparator approaches zero as 
phase lock is achieved. The 19 kHz pilot detector acts as a 
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threshold comparator. When the error voltage from the phase 
comparator drops below threshold of the 19 kHz pilot detect¬ 
or, it lights the stereo indicator on the receiver and turns on 
the switch to couple the (L - R) signal to the decode matrix. 

When (L + R) and (L - R) signals are applied to the inputs 
of the decode matrix, it separates the L and R components 
into independent left and right channel outputs. When the 
(L - R) input is absent, such as during monaural reception, the 
(L + R) input is not separated into L and R components. In¬ 
stead, both outputs are identical (L +■ R) signals. 

PRE-EMPHASIS AND DE-EMPHASIS 

A pre-emphasis network couples high frequency audio more 
readily than low frequency audio (emphasizes the highs). Con¬ 
versely, a de-emphasis network couples high frequency audio 
less readily than low frequency audio (de-eraphasizes the 
highs). A pre-emphasis characteristic is used in all FM trans¬ 
mitters and a corresponding de-emphasis characteristic is 
used in all FM receivers for improved signal-to-noise ratio, 
yet an overall flat audio frequency response. 

Frequency modulation (FM) is nearly always achieved by 
phase modulation. The noise modulation characteristic of 
phase modulation is not flat, it increases with the noise fre¬ 
quency. A de-emphasis characteristic in FM receivers sig¬ 
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nificantly improves the signal-to-noise ratio by reducing high 
frequency noise to the same level as low frequency noise. 
Remember that noise modulation is essentially an internal 
modulation of constant level. By pre-emphasizing the exter¬ 
nal audio to the transmitter, an overall flat audio response is 
possible. This compensates for the de-emphasis characteris¬ 
tic of the receiver, but does not affect noise modulation. 

Refer to Fig. 2. Note that left and right channel audio are 
each routed through a pre-emphasis network prior to the 
modulation circuit of a transmitter. Refer to Fig. 3. Note 
that audio outputs from the decode matrix are routed through 
a de-emphasis network prior to being sent to audio amplifiers. 

The standard low frequency roll-off rate of a pre-emphasis 
network is 6 dB per octave, which corresponds to the standard 
6 dB per octave high frequency roll-off rate of a de-emphasis 
network. The RC time constant of the coupling components in 
a pre-emphasis or de-emphasis network determine the center 
frequency, and are specified in microseconds; 75 is stand¬ 
ard in U.S.A., 50 Vs is standard is some countries. The Model 
2007 FM Stereo Signal Generator is universal by offering a 
choice of 75 Its or 50 VS. An off position permits testing the 
effectiveness and roll-off rate of de-emphasis networks by 
comparing levels with flat and pre-emphasized signals ap¬ 
plied. 






CONTROLS AND INDICATORS 
Refer to Fig. 4 and 5 


1. Pilot Light. Lights when unit is on. 

Z. POWER Switch. ON-OFF toggle switch. 

3. PRE-EMPHASIS Switch. Three-position rotary switch 
selects 50 lE, OFF, or 75 16 audio pre-emphasis charac¬ 
teristic for external modulation. 

4. 19 kHz Switch. Toggle switch turns 19 kHz pilot signal 
ON or OFF. 

5. COMPOSITE OUTPUT Terminals. Dual banana jack/ 
binding post terminals with 600 ft unbalanced composite 
audio output. Output at these terminals is selected by 
SELECTOR switch. 

6. Meter. Indicates level of composite audio (Z V full 
scale) and deviation of FM OUTPUT signal (75 kHz full 
scale). Signal being metered is selected by SELECTOR 
switch. 

7. SELECTOR Switch. Six-position rotary switch selects 
type of composite audio output (which is also applied to 
the meter). The composite audio is available at the 
COMPOSITE OUTPUT terminals. Also selects modula¬ 
tion for FM OUTPUT and antenna signals. 

EXTERNAL: Modulation by external audio ap¬ 

plied at EXT INPUT terminals 
(LEFT and RIGHT) on rear panel. 

L: Modulation by internal 1 kHz tone 

applied to left channel only. 


R: Modulation by internal 1 kHz tone 

applied to right channel only. 

L+R: L+R component (0 to 15 kHz main 

channel component) with internal 
1 kHz tone applied to left and right 
channels. 

L-R: L-R component (23 to 53 kHz sub¬ 

channel component) with internal 
1 kHz tone applied to left and right 
channels. 

L&ROJNE): Modulation by internal 1 kHz tone 

applied to left channel and 60 Hz 
line frequency applied to right 
channel. 

8. LEVEL Control. Adjusts level of COMPOSITE OUTPUT, 
and thus degree of frequency deviation of FM OUTPUT. 

9. Antenna Terminals (one located on top of case and one 
located on side of case under rubber plugs). Permits 
antenna to be attached for vertically or horizontally 
polarized rf output. Telescopic antenna is stored under 
access plate on bottom of case. Screw antenna into 
terminal thru top of case for vertical polarization, into 
terminal thru side of case for horizontal polarization. 

10. Frequency Selector Switch. Three-position slide switch 
selects frequency of FM OUTPUT or antenna output; 
85 MHz, OFF, or 98 MHz. 


8 






CONTROLS AND INDICATORS 




y 19kHz LEVEL control 


©EM freq. selector 


©EXT. INPUT (L) 


Meter (T, Mode SELECTOR 


LEVEL 

control 


019kHz PHASE 
control 


© Power cord 


ADJ. control 


©OUTPUT terminal 
® 19k Hz pilot signal switch 


(?) POWER switch 



© FM OUTPUT ©EXT. INPUT(R) 

terminal 


ANT terminal & 
ANT mounting hole 


Fig. 4. Controls and Indicators. 
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CONTROLS AND INDICATORS 


11. FREQ. ADJUST Control. Adjusts FM OUTPUT frequen¬ 
cy ±2 MHz (adjusts 98 MHz from 96 to 100 MHz). 

12. FM OUTPUT Terminals. Provides 300 12 balanced rf 
output at frequency selected by Frequency Selector 
Switch and FREQ ADJUST control. 

13. 19 KHz LEVEL Control. Adjusts level of 19 kHz pilot 
signal. 

14. 19 KHz PHASE Control. Adjusts phase of 19 kHz pilot 
signal. 

15. EXT INPUT (LEFT) Terminals. Input terminals to left 
channel for external modulation. 

16. EXT INPUT (RIGHT) Terminals. Input terminals to 
right channel for external modulation. 

17. AC Power Cord. Cord wrap brackets are located on the 
bottom of the case for neatly storing the power cord 
when the instrument is not in use. 

18. Carrying Handle. The carrying handle also serves as a 
tilt stand. Rotate the handle to about 30° as shown in 
Fig. 2 and push the handle up so that the slot in the 
handle locks over the flat of the hub and prevents the 
handle from turning. 



Fig. 5. Using the Handle as a Tilt Stand. 








OPERATING INSTRUCTIONS 


SAFETY PRECAUTIONS 

WARNING I 


The following precautions must be observed to prevent 
electric shock. 

1. When this instrument is used in equipment that contains 
high voltage, there is always a certain amount of danger 
from electrical shock. The person using the instrument 
in such conditions should be a qualified electronics 
technician or otherwise trained and qualified to work in 
such cirmcumstances. Observe the TEST INSTRUMENT 
SAFETY recommendations listed on the inside front 
cover of this manual. 

2. Be sure the fuse access plate on the bottom of the case 
and the insulator over the fuses are in place at all 
times. Line voltage (117 VAC in U.S.A.) may be present 
on the fuseholders whenever the instrument is plugged 
into an outlet, even if the front panel POWER switch is 
off. 

3. Do not operate this instrument with the case removed 
unless you are a qualified instrument service technician. 
High voltage is present when the unit is operating with 
the case removed. 


EQUIPMENT PROTECTION PRECAUTIONS 



The following precaution will help avoid damage to the 
instrument. 

1. Excessive voltage applied to the EXT INPUT jacks may 
damage the instrument. The maximum rating of the 
inputs is 2 V rms. 

2. Never apply external voltage to OUTPUT jacks. 

3. The Line Voltage Selector must be set to match the ac 
line voltage being used. The correct fuse value is also 
dependent upon the ac line voltage. Follow the instruc¬ 
tions in the LINE VOLTAGE SELECTION paragraph in 
this section of the manual. 

LINE VOLTAGE SELECTION 

Before connecting the instrument to ac power the first 
time, make sure it is set for the correct line voltage as 
follows: 

1. Be sure the ac power cord in unplugged. 

2. Open the access plate on the bottom of the case and 
remove the insulator that covers the fuses. Note that 
there are three clearly labeled fuseholders; one for 
100 V operation, one for 117 V operation, and one for 
230 V operation. 


II 














OPERATING INSTRUCTIONS 


3. Install a fuse into the appropriate fuseholder. Make 
sure the correct value fuse is installed: 

0.2 A for 100 or 117 VAC line voltage. 

0.1 A for 230 VAC line voltage. 

CAUT ION 

Never install more than one fuse. Severe damage to the 
instrument may result. 

PREPARATION FOR OPERATION 

1. Plug power cord into ac outlet. 

2. Turn POWER switch ON. 

3. Pilot light should be lit. 


INTERNAL MODULATION 

The Model 2007 FM Stereo Generator may be used for 
testing FM stereo receivers in two basic ways. 

1. The COMPOSITE OUTPUT signed may be injected at the 
output of the discriminator and various points in the 
stereo decoder circuits. The SELECTOR switch permits 
selection of L, R, L + R, L - R, or L & R signals for 
complete testing. 

2. The signal generator becomes a low power FM stereo 
transmitter for injecting a stereo modulated rf signal 
into the antenna of the receiver under test. 

Use of Composite Output 

1. Set 85 MHz-OFF-98 MHz switch on rear panel to OFF 
when rf output is not used. 

2. Set LEVEL control to maximum. 



Fig. 6. Composite Output Signal in Various Internal Modulation Modes. 
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OPERATING INSTRUCTIONS 


3- Set SELECTOR switch to the desired internal modula¬ 
tion mode; L, R, L+R, L-R, or L&R(LINE). Fig. 6 shows 
the waveforms that will result from each mode as 
viewed on an oscilloscope. The shaded areas represent 
the 23 to 53 kHz subchannel. 

4. Observe the indication on the meter using the 0-2 V 
scale, and readjust the LEVEL control as desired. 

5. Connect cable from COMPOSITE OUTPUT to point of 
signal injection in circuit under test. 

6. Use the 19 KHz ON-OFF switch to superimpose or 
remove the 19 kHz pilot signal (pilot signal is 10% of 
maximum composite output). 

Use of RF Output 

1. Connect 300 SI lead-in from the FM OUTPUT terminals 
on the rear panel to the antenna terminals of the FM 
stereo receiver under test; 

or 

Connect the antenna to the top antenna terminal for 
vertically polarized rf output, or to the side antenna 
terminal for horizontally polarized output. The signal 
will be radiated to the built-in antenna of the receiver 
under test. Extend the telescopic antenna as needed. 

2. Initially, the FM Stereo Generator should be tuned to a 
frequency not used by a local FM broadcast station. 
This prevents interference and interaction from trans¬ 
mitted FM signals. 

a. Tune an FM receiver through the 96-100 MHz band 
(or 83-87 MHz band), to a frequency where no 
signal is received. 


b. Set up the signal generator to produce a fully 
modulated rf output on the same frequency. 

(1) Set the 85 MHz-OFF-98 MHz switch to the 
98 MHz position to generate an rf signal of 
96-100 MHz, or to the 85 MHz position to 
generate an rf signal of 83-87 MHz. (The 
8S MHz position is applicable in countries 
where the broadcast FM band includes fre¬ 
quencies of 33-87 MHz. Only the 98 MHz 
position is applicable to the 88-108 MHz 
broadcast FM band used in U.S.A.). 

(2) Set the SELECTOR switch to the L&R(LINE) 
position and adjust the LEVEL control to 
maximum. 

c. Adjust the FREQ ADJ control of the FM Stereo 
Generator so that the modulated test signal from 
the generator is picked up on the FM receiver. 

d. If a specific carrier frequency is desired for test 
purposes, connect the FM OUTPUT to a frequency 
counter and adjust the FREQ ADJ control for that 
frequency. Use an unmodulated carrier by setting 
the SELECTOR switch to EXT and shorting the 
EXT INPUT terminals. 

3. After the initial set-up of the FM Stereo Generator, 
leave the FREQ ADJUST set as in step 2. Tune the 
receiver under test for best reception of the signal gen¬ 
erator output. 

4. Select the desired type of modulation with the SELEC¬ 
TOR switch. 
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OPERATING INSTRUCTIONS 


5. Use the LEVEL control to adjust for the desired degree 
of modulation (FM deviation). The meter indicates 
deviation in kHz, full scale equals 75 kHz. 

6 . Turn the 19 kHz pilot signal ON or OFF as required for 
testing. 


EXTERNAL MODULATION 

The external modulating source is usually an audio signal 
generator, but could be a stereo record player, tape deck, 
etc. 

Some audio signal generators have only unbalanced out- 
puts, while others have both balanced and unbalanced outputs. 
Fig. 7 shows the proper connections from signal generators of 
both the balanced and unbalanced type to the EXT INPUT 
terminals of the FM Stereo Generator to achieve various 
types of modulation for test purposes. 

The procedure for external modulation is the same as pre¬ 
viously listed for internal modulation except as follows: 

1. Set the SELECTOR switch to EXT. 

2. Connect the external modulating source to the EXT 
INPUT (LEFT) and (RIGHT) terminals on the rear panel. 
These signals should not exceed 2 volts rms. 

3. The PRE-EMPHASIS switch is enabled. Select the de¬ 
sired 50 tfi or 75 16 pre-emphasis characteristic (75 16 is 
standard in U.S.A.). 

4. AH other procedures are the same as for internal modu¬ 
lation. Fig. 7 shows the connections required to achieve 
L, R, L+R, and L-R modulation using an external modu¬ 
lating source. 


HOW TO IDENTIFY LEFT AND RIGHT CHANNEL SIGNALS 

1. Set controls of the FM Stereo Generator as follows: 

LEVEL control to maximum. 

19 KHz switch to ON. 

Alternately set SELECTOR switch to "L" and "R". 

2. Connect a wideband oscilloscope to the COMPOSITE 
OUTPUT jacks. Adjust the sweep time to produce a 
waveform as shown in Fig. 8. 

Determination of left or right channel signal can be made 
from the fact that a left channel signal appears as a second 
peak "b" higher than adjacent peaks "a”, whereas the right 
channel signal appears as a second peak "d" lower than adja¬ 
cent peaks "c" as shown in Fig. 8. This technique can now be 
extended to include external modulation by setting the 
SELECTOR switch to EXT and applying external modulation 
alternately to the LEFT and RIGHT input terminals. 


SETTING 19 KHz LEVEL AND PHASE CONTROLS 

1. Set controls of the FM Stereo Generator as follows: 

LEVEL control to minimum. 

19 KHz switch to ON. 

SELECTOR switch to EXT. 

2. Apply no signal to EXT. INPUT terminals. 

3. Connect wideband oscilloscope to measure COMPOSITE 
OUTPUT (a wideband ac voltmeter, such as B & K- 
Precision Model 295 or 297, may be used for steps 3 and 
4 only). 








Fig. 7 Audio Generator Connections 
for External Modulation. 


OPERATING INSTRUCTIONS 


4. Adjust 19 KHZ LEVEL control for 0.566 volt p-p on 
oscilloscope (or 0.2 volt rms on ac voltmeter). 

5. Next, alternately set SELECTOR switch to "L" and "R" 
to produce waveforms of Fig. 8 on oscilloscope. 

6. Adjust 19 KHz PHASE control so widths of "x" and "y" 
of the waveform (see Fig. 8) are equal. 



Fig. 8. 19 kHz Pilot Signal Phasing. 
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APPLICATIONS 


MEASURING CHANNEL ISOLATION 


2. Set controls of the FM Stereo Generator as follows: 


The Model 2007 FM Stereo Generator may be used to 
measure the channel isolation characteristic of an FM stereo 
receiver. The basic measurement is performed with a 1 kHz 
signal using internal modulation. Channel isolation may also 
be measured across the entire 50 Hz to 15 kHz audio spec¬ 
trum using external modulation. 

AC Voltmeter Method 

1. Connect equipment as shown in Fig. 9- Apply the FM 
OUTPUT of the FM Stereo Generator to the antenna 
input of the receive under test. Measure the left and 
right channel audio levels of the receiver with an accu¬ 
rate wideband ac voltmeter such as the B & K-Precision 
Model 295 or 297. 



Fig. 9. Channel Isolation Measurement. 


LEVEL control to maximum. 

19 KHz switch to ON. 

Set SELECTOR switch to "L". 

3. Measure the left and right channel audio levels with the 
ac voltmeter. The left channel should be relatively high 
and the right channel relatively low. 

a. Channel isolation, S, is expressed in dB. If the 
measurements are in volts, channel isolation may 
be calculated by the following equation: 

S = 20 log^Q L/R or 20 log^g R/L 

b. If the ac voltmeter includes dB scales, simply 
subtract the lower level measurement from the 
higher level measurement in dB. For example: 

if Left Channel = +12 dB 
and Right Channel = -8 dB 
Isolation = 20 dB 

4. Set SELECTOR switch of FM Stereo Generator to "R" 
and repeat step 3. This time the right channel should be 
relatively high and the left channel relatively low. 
Channel isolation should be approximately equal in "L" 
and "R" modes of modulation. 
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APPLICATIONS 


5. If the rf or i-f section of the receiver is suspected of 
causing poor channel isolation, this can be confirmed by 
disconnecting the antenna and repeating the test with 
the COMPOSITE OUTPUT injected into the discrimin¬ 
ator circuit of the receiver. 

6. A dual channel wideband ac voltmeter such as the 
B & K-Precisicm Model 297 is very convenient for this 
test. The left and right channel audio may be simultan¬ 
eously applied to the two input channels of the instru¬ 
ment. Its dual pointer meter then measures both levels 
simultaneously. 

Oscilloscope Method 

1. Using a dual trace wideband oscilloscope, connect the 
equipment as shown in Fig. 9 except connect the left 
and right channel audio outputs of the receiver to the 
CH A and CH B inputs of the oscilloscope. 

2. Set up the FM Stereo Generator exactly the same as in 
step 2 of "AC Voltmeter Method". 

3. Using the CH A and CH B vertical centering controls, 
superimpose the two traces to obtain a waveform dis¬ 
play similar to Fig. 10. 

4. Channel isolation, S, is represented by the waveform of 
Fig. 10 and can be expressed by the equation: 

S = 20 logio A/B 

External Modulation Method 

Channel isolation may be measured across the entire 50 Hz 
to 15 kHz audio spectrum using external modulation. The pro- 
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Fig. 10. Waveform for Oscilloscope Method of 
Channel Isolation Measurement. 


cedure is the same as listed for the "AC Voltmeter Method" 
or "Oscilloscope Method" except as follows: 

1. Connect a low distortion sine wave from an external 
audio signal generator to either the EXT INPUT (LEFT) 
or (RIGHT) terminals of the FM Stereo Generator. 
External modulation applied to the EXT INPUT (LEFT) 
is the equivalent of internal modulation mode "L", or 
EXT INPUT (RIGHT) is the equivalent of internal modu¬ 
lation mode "R". 

2. Set the SELECTOR switch of the FM Stereo Generator 
to EXT. 

3. Tune the audio signal generator through the 50 Hz to 
15 kHz range, keeping the output level at 2 volts rms. 
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APPLICATIONS 


4. Measure channel isolation throughout the audio range. 
The dual channel ac voltmeter or dual channel oscillo¬ 
scope method is especially handy for this test, as both 
channel levels are continuously displayed and any level 
difference between channels is instantly observed while 
tuning through the audio frequency band. 

5. The quality of channel isolation provided by the FM 
Stereo Generator itself is shown in Fig. 11. The shaded 
area represents guaranteed minimum specifications, and 
the curve represents typical performance. 



0 05 0 I I 10 15 (KHz) 


FM STEREO DEMONSTRATION 

The Model 2007 FM Stereo Generator may be used to set 
up a demonstration of one or more FM Stereo receivers, using 
a stereo record player or tape deck as a signal source. 

1. Connect equipment as shown in Fig. 12. Use the an¬ 
tenna to radiate an rf carrier to the receiver(s). 

2. Set controls of FM Stereo Generator as follows: 

LEVEL control to maximum. 

19 kHz switch to ON. 

PRE-EMPHASIS to 75 vs or 50 VS as needed 
(75 VS in U.S.A.). 

SELECTOR switch to EXT. 

3. Apply left and right channel audio to EXT INPUT ter¬ 
minals and adjust music level to an average of 30% 
modulation (22.5 kHz on deviation meter) and so that 
peak level does not quite reach full scale. 


Fig. 11. Channel Isolation of Test Instrument. 


Record 


Player - 1 2007 



Fig. 12 FM Stereo Demonstration Set-Up. 
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APPLICATIONS 


MODULATION RATES 

The rates of modulation for individual components of a 
composite audio signal are listed in Table 1. 


Nomenclature 

Modulating 

signal 

Main 

channel 

Sub¬ 

channel 

Pilot 

signal 

Maximum 

modulation 

Stereophonic 

L (or R) signal 

45% 

4 5% 

10% 

Main channel 

Maximum 

modulation 

L and R signals, 
equal in ampli¬ 
tude and phase 

90% 

0% 

10% 

Sub-channel 

Maximum 

modulation 

L and R signals, 
equal in ampli¬ 
tude but 180° 
out of phase 

0% 

90% 

10% 

Monaural 

Maximum 

modulation 

Monaural 

signal 

100% 

0% 

0% 


Table 1. Modulation Rates for 
Individual Components of Composite Signal. 
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CIRCUIT DESCRIPTION 


INTRODUCTION 

For circuit analysis at a block diagram level, refer to 
accompanying block diagram, Fig. 13. For a more detailed 
circuit analysis, refer to the separately supplied schematic 
diagram. 

SUB-CARRIER AND PILOT SIGNAL GENERATION 
304 kHz Oscillator 

Crystal controlled oscillator Q1 operates at 304 kHz. This 
circuit generates the fundamental signal from which the 
38 kHz sub-carrier and 19 kHz pilot signal are created. 

1/8 Divider 

Transistor Q2 oscillates at approximately 38 kHz. The 
304 kHz signal is injected into this stage through the emitter 
to force the stage into synchronization and produce an accur¬ 
ate 38 kHz signal. The 38 kHz output of Q2 is developed at 
the emitter, and coupled through buffer Q5, an emitter 
follower, for isolation. 

1/2 Divider 

Similarly to the 1/8 frequency divider, Q3 oscillates at 
approximately 19 kHz. The 38 kHz signal from QS is injected 
at the emitter of Q3 to synchronize the 19 kHz pilot signal. 

Sub-Carrier Amplifier 

The 38 kHz signal from Q5 is amplified and shaped to a 
good sine wave by sub-carrier amplifier, transistor Q6 and 


transformer T7. The center-tapped secondary of T7 provides 
a two-phase 38 kHz sub-carrier; i.e., two out-of-phase sine 
waves at 38 kHz. 

Pilot Signal Amplifier 

Similar to the sub-carrier amplifier, the pilot signal ampli¬ 
fier boosts and shapes the 19 kHz pilot signal to a good sine 
wave. The circuit includes transistors Q7, Q9, and Q10. The 
phase and level of the 19 kHz pilot signal are variable by 
VR101 and VR102. 

INTERNAL MODULATION 
1 kHz Oscillator 

Transistor Q4 generates a low distortion 1 kHz signal in a 
Colpitts oscillator circuit. This signal is used for internal 

modulation. 

Phase Splitter 

Transistor Q8 provides an inverted 1 kHz signal at its col¬ 
lector and a non-inverted 1 kHz signal at its emitter. 

SELECTOR Switch 

SELECTOR switch SI02 selects external modulation or one 
of five modes of internal modulation as needed. For the 
internal modulation modes, various combinations of inverted 
or non-inverted 1 kHz signal from Q8 are selected. In the 
"L & R (line)" mode, a 1 kHz signal from Q8 and a 50/60 Hz 
waveform derived from line voltage are selected. 





NO 


Fig. 13. Block Diagram. 
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CIRCUIT DESCRIPTION 














CIRCUIT DESCRIPTION 


EXTERNAL MODULATION 

A pre-emphasis coupling network is located in the external 
modulation input for both left and right channels. A front 
panel switch permits the pre-emphasis to be set for 50 16, 
75 ps, or OFF. 

COMPOSITE AUDIO GENERATION 
Balanced Modulator 

This circuit includes transistors Q13 and Q14 and eight 
diodes D6 thru D13. The two-phase 38 kHz sub-carrier from 
Q6 is applied across the diode switching network. With no 
audio applied, the circuit is balanced and no 38 kHz sub¬ 
carrier is present in the output. An audio signal applied to 
Q13 or Q14 unbalances the circuit. This produces composite 
audio output consisting of the original audio signal and a 
double sideband suppressed carrier sub-band around 38 kHz. 

Amplifier and Filter 

This circuit includes transistors Q15, Q16, and Q17. The 
composite signal generated by the balanced modulator con¬ 
tains many unwanted harmonics. A 76 kHz trap removes the 
second harmonic of 38 kHz. A low-pass filter eliminates 
unwanted harmonics and prevents cross modulation. Q15 
amplifies the composite audio signal to the required level and 
Q17 acts as a buffer. A high pass filter in the base circuit of 
Q16 passes only the sub-band, which is inverted by 016 and 
fed back to Q15 to cancel any phase or level differences in 
the composite audio signal. 


Output Circuit 

The output circuit includes transistors Q18 and Q19. The 
composite audio signal from the LEVEL control is mixed with 
the 19 kHz pilot signal, buffered, and applied to the OUTPUT 
jacks, the meter circuit, and as modulation to the rf oscil¬ 
lator by this circuit. 

RF GENERATION 

Transistor Q1 oscillates in the 98 MHz band or the 85 MHz 
band, as switched by S104. The carrier frequency is adjust¬ 
able by TC101. Direct FM modulation by the composite audio 
signal is achieved by varactor diode Dl. The rf output is 
applied to the antenna jack and 300-ohm balanced FM OUT 
terminals. 

METER CIRCUIT 

The composite audio with pilot signal combined is applied 
to the meter circuit consisting of transistor Qll, full wave 
rectifiers Dl and D2, and the meter. The rectifiers convert 
the audio signal to dc to deflect the meter. 

POWER SUPPLY 

Full wave rectifiers D5 and D15, transistor regulator Q12, 
and Zener diode regulators D3, D4, and D14 provide unregu¬ 
lated +30 volts, regulated +24 and +15 volts, and regulated 
-24 volts. 
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MAINTENANCE 


WARNING^ 

1. The following instructions are for use by qualified 
service personnel only. To avoid electrical shock, do 
not perform servicing other than contained in the oper¬ 
ating instructions unless you are qualified to do so. 

2. A shock hazard is present when the case is removed if 
the power cord is plugged into an ac outlet. Line volt¬ 
age may be present on some circuits even when the 
POWER switch is off. 

3. A shock hazard is present when the access plate on the 
bottom of the case is open if the power cord is plugged 
into an ac outlet. Line voltage may be present on the 
fuseholders whenever the instrument is plugged into an 
outlet. 

CASE REMOVAL 

Remove four screws, two from each side and lift off the 
top cover. Spread the sides of the botton cover slightly and 
lift off the bottom cover. This will provide access for nearly 
all testing, troubleshooting and adjustments. 

FUSE REPLACEMENT 

If the fuse blows, the pilot light will go out and the instru¬ 
ment will not operate. The fuse should not normally open 
unless a problem has developed in the unit. Try to determine 
and correct the cause of blown fuse, then replace only with 


correct value fuse. Be sure the ac power cord is unplugged. 
Remove access plate "A" on the bottom of the case and 
insulator "B” that covers the fuses (See Fig. 14). Note that 
there are three clearly labeled fuseholders; one for 100V 
operation, one for 117 V operation, and one for 230 V opera¬ 
tion. Remove the blown fuse and replace with 0.2 A for 100 
V or 117 V operation, 0.1 A for 230 V operation. 



Fig. 14: Fuse Replacement 
TROUBLESHOOTING 

A good knowledge of circuit operation is very helpful for 
effective fault isolation. Refer to the CIRCUIT DESCRIP¬ 
TION section of this manual. Several waveforms and dc 
voltages are included on the schematic diagram for refer¬ 
ences. These are the typical values that should be measured 
in a normal unit. Compare your measurements with those on 
the schematic diagram for help in identifying a defective 
circuit. 
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MAINTENANCE 


CALIBRATION 

This instrument was carefully checked and calibrated at 
the factory prior to shipment. Readjustment is recommended 
only if repairs have been made in a circuit affecting cali¬ 
bration, or if you have reason to believe the unit is out of 
calibration. Complete calibration procedures are given in the 
Model 2007 Service Manual, which is available from the 
B & K-Precision Factory Service Department. Do not at¬ 
tempt calibration unless the proper test equipment is avail¬ 
able and you are skilled in its use. 

INSTRUMENT REPAIR AND CALIBRATION SERVICE 

Because of the specialized skill and test equipment needed 
for instrument repair and calibration, many customers prefer 
to rely upon B & K-Precision authorized service agencies for 


this purpose. To use this service, even if your FM Stereo 
Generator is no longer under warranty, follow the instructions 
given in the WARRANTY SERVICE INSTRUCTIONS portion 
of this manual. There is a nominal charge for instruments out 
of warranty. 

ADDITIONAL SERVICING INFORMATION 

A schematic diagram and parts list is supplied with the 
instrument. A complete service manual is being prepared for 
the Model 2007 FM Stereo Generator. This service manual 
includes detailed circuit description, troubleshooting, and 
calibration information. Requests for the Service Manual 
should be sent to the B & K-Precision Service Department 
address listed in the WARRANTY SERVICE INSTRUCTIONS. 
Be sure to specify Model 2007. 
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AMPLIFIER ASSEMBLY 
(X65-1040-00) 
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There is a minimum charge for ^ach invoice. Orders will be shipped 0.0.D. 
unless previous open account arrangements have been made or remittance 
accompanies order. Advance remittance must cover handling, postage, or 
express charges. Specify model and senal number when ordering replace¬ 
ment parts. 


PARTS ORDERING INFORMATION 
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SCHEMATIC 

SYMBOL DESCRIPTION 
















SCHEMATIC DIAGRAM 
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